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[0021] 

Further, using a Wavelets conversion means having a non-constant 
bandwidth passing characteristic, it becomes possible to allocate carriers of 
narrow bandwidth to information of high-level importance, and carriers of 
wide bandwidth to information of low-level importance. As a result, 
efficient signal transmission can be realized, and also, it is unnecessary to 
execute block synchronization. 
[0022] 

[Exemplary embodiment] 

The exemplary embodiment of the present invention wiU be 
described in the following with reference to the drawings. 
[0023] 

Fig. 1 shows the configuration of the transmitting side and receiving 
side in the first exemplary embodiment of the present invention. 
[0024] 

As shown in Fig. 1 (a), at the transmitting side, same as in the prior 
art shown in Fig. 11, the transmission information data of 1 block (block 
length) M is converted to parallel by serial/parallel converter 30, and each 
data is modulated (e.g. PSK, QAM) by each modulator 11, and the 
transmission signal block is produced by inverse discrete Fourier 
transformer (IDFT) 12. IDFT 12 produces a signal synthesized with M 
pieces of carriers arranged at equal firequency intervals in order to change a 



2 



signal on frequency axis to a signal on time axis. The transmission signal 
block is converted to an analog signal by D/A converter 13, and unnecessary 
frequency component is eliminated by filter 14. And, it is converted and 
amplified by amplifier 15 to radio firequency band, and then, the signal is 
transmitted from the antenna. 
[0025] 

As shown in Fig. 1 (b), the radio signal received at the receiving side 
is converted and amplified to a base band by amplifier 16, and unnecessary 
frequency component is eliminated by filter 17. After that, it is converted 
to a digital signal by A/D converter 18. Further, the digital signal is 
decomposed every block at equal firequency intervals by discrete Fourier 
transformer (DFT) 19, and each signal is demodulated by each demodulator 
20. And, the signal is reproduced as received information data by means of 
parallel/serial converter 21. 
[0026] 

DFT 19 is required to have a timing signal for executing block 
processing to divide the signal into blocks. Therefore, A/D conversion 
signal is inputted to Wavelets converter 22, and a timing signal is obtained 
from the output. Wavelets conversion is employed in the field of signal 
processing or signal analysis, and for example, the technology is mentioned 
in the document (O. Rioui and M. Vetterli: "Wavelets and Signal Processing", 
IEEE SP Magazine, pp, 14-38, Oct. 1991). 
[0027] 

The configuration of a four-division orthogonal Wavelets converter 
22 which executes such Wavelets conversion is shown in Fig. 2. As shown 
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in the figure, in orthogonal Wavelets converter 22, input signal x is inputted 
to high-pass filter (HPF) 201 and lowpass filter (LPF) 202, and the signal is 
divided into two bands. Further, the signal is alternately thinned out by 
sampling circuits 203, 204 to be sampled down to 1/2. The output from the 
high firequency side is inputted to HPF 205 and LPF 206 again, and also 
down-sampled to 1/2 by sampUng circuits 207, 208. After that, same 
processing as mentioned above is executed by HPF 209, LPF 210, and 
sampling circuits 211, 212. In the example of Fig. 2, consequently, as 
shown in Fig. 3, band division at octave intervals of 1:1:2:4 ratio is realized 
in a range fi-om the low band toward the high band. In this case, outputs 
Xo, Xi, X2, X3 shown in Fig. 2, as viewed from input x, can be considered to 
be the result of filtering operation for down-sampling to 1/8, 1/4, 1/2, 1/2, 
respectively, and the result of processing input x by passing it through 
parallel-arranged filters whose impulse response is 1:2:4:4. On the other 
hand, filtering is linear conversion of which impulse response is the 
conversion base. Thus, as shown in Fig. 4, in Wavelets conversion, the 
conversion base length varies according to the frequency, and the higher the 
frequency of conversion base, it is shorter in base length. 
[0028] 

As in Fig. 3 and Fig. 4, it is clear that the frequency resolution is 
high with respect to low firequency signal, and the time resolution is high 
with respect to high firequency signal. Generally, a breakpoint of signal 
includes a high fi-equency, but in Wavelets conversion, it is possible to detect 
the time position of such a breakpoint. 
[0029] 
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In Pig. 1 (b), the received signal is a noise-like signal with a lot of 
carriers added, but it is a modulated sine wave with respect to each carrier. 
With PSK or QAM used as a modulation system, each carrier has a 
breakpoint at a data symbol change point, and the data symbol change point 
becomes the block synchronization timing. Accordingly, inputting the 
received signal to Wavelets converter 22, the time at which the breakpoint 
is generated can be detected from the output, and thereby, it is possible to 
obtain the synchronization timing. Specifically, as shown in Fig. 5 (a), by 
adding every time the power of an optional one or more outputs out of the 
outputs Xo, Xi, X2, X3 of the orthogonal Wavelets converter, it is possible to 
obtain timing information firom the point where the value exceeds the 
predetermined reference value. 
[0030] 

Also, since the time width (T) of 1 block is predetermined, the 
generation of breakpoint is periodical, and as shown in Fig. 5 (b), by adding 
every time the power of correlation value of each T-time delay signal of an 
optional one or more outputs out of the outputs Xo Xi, X2, X3 of the 
orthogonal Wavelets converter, it is possible to obtain timing information 
firom the point where the value exceeds the predetermined reference value, 
[0031] 

Further, in the case of received signgil is complex number, timing 
information can be detected from one of the real number component and the 
imaginary number component through Wavelets conversion, and also, 
timing information can be obtained from complex number signal by using 
Wavelets conversion expanded to a complex number. The number of 
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divisions of orthogonal Wavelets converter is not limited to 4. Also, other 
Wavelets conversion such as non-orthogonal Wavelets conversion can be 
applied. 
[0032] 

The second exemplary embodiment of the present invention will be 
described in the following. Pig. 6 is a diagram showing the configuration of 
the transmitting side and receiving side in the exemplary embodiment. 
[0033] 

As shown in Fig. 6 (a), at the transmitting side, 1 block information 
data is converted to parallel data by serial/parallel converter 610, and each 
of the parallel data is modulated by modulator 611. Various systems are 
available as modulation systems such as BPSK, QPSEL, QAM, and out of 
these, BPSK is used as an example. Next, for executing inverse orthogonal 
conversion of modulated signal, overlap converter 612 for orthogonal 
conversion having a base function over a plurality of blocks is employed. 
Overlap converter 612 has been developed for the purpose of reducing block 
distortion that is a problem arising in picture/voice encoding operation with 
use of discrete cosine transformer (DCT), which is available in various types. 
For example, the system mentioned in the document [Malvar, H.S., "Lapped 
Transform for Efficient Transform/Subb and Coding", IEEE Trans. ASSP, 
Vol. 38, No.6, June 1990, pp, 969-978] can be employed. The configuration 
of the overlap inverse orthogonal converter 612 is shown in Fig. 7 (a). The 
processing here is executed according to formula (l) to (4) shown below, in 
which signal Xm (k) (k=0, M-l) of block length M is converted to signal Xm 
(n) (n=0,..., M-l) on time axis. 
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[0034] 



Xm (n) 



Xm (n) 



ym(n) 



M-l 

(route) 2/M EXm (k)sin [(n/M)(k+0.5)(n+0.5)] 

k=0 

yra-i (n+M/2)h(M-l-n) - ym (M/2-l-n)h(n) 
n=0,---,M/2-l 

ym-i (3M/2-l-n)hCM-l-n) + ym (n-M/2)h(n) 



(2) 



(1) 



(3) 



n=M/2, •••,M-1 



h(n) = sin[(n/2M)(n+0.5)] 



(4) 



In formula (l) to (4), signal ym (n) (n=0, M/2-1) produced through 
discrete sine transformation of signal (block length M) Xm (k) (k=0,...,M-l) of 
present block is synthesized with signal ym-i (n) (n=M/2,...,M-l) produced 
through discrete sine transformation of signal (block length M) Xm-i (k) 
(k=0,...,M-l) of previous block, thereby producing signal Xm (n) (n=0,...,M-l). 
Accordingly, the processing is executed over two blocks (block length 2M) of 
the present block and the previous block. In Fig. 7 (a), \M is up-sampling 
to M, Z M is delay of 1-block length time, and Z i is delay of IM time of 1 
block length. In Pig. 6 (a), signal subjected to overlap inverse orthogonal 
transformation is converted to analog signal by D/A converter 613 the same 
as in the prior art, and after uimecessary frequency component is 
eliminated by filter 614, the signal is converted and amplified by amplifier 
615 to radio frequency band and is transmitted fi^m the antenna. 



As shown in Fig. 6 (b), at the receiving side, same as in the prior art, 
received radio signal is converted and amplified by amplifier 616 to a base 
band, and after unnecessary firequency component is eliminated by filter 617, 
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the signal is converted by A/D converter 618 to digital signal. And, the 
converted digital signal is inputted to overlap orthogonal converter 619. 
Here, as shown in Fig. 7 (b), signal Xm (n)(n=0,...,M-l) on time axis of block 
length M is converted to signal Xm (k)(k=0,...,M-l) through overlap 
orthogonal conversion, processing for transposition from the transmitting 
side. iM stands for down-sampling to 1/M. The discrete sine 
transformation (DST) described above enables easy processing in accordance 
with high-speed algorithm. In Fig. 6 (b), after each signal is demodulated 
by demodulator 620, the data is reproduced by parallel/serial converter 621. 
[0036] 

Fig. 8 shows a signal transmitted in overlap processing in the 
present exemplary embodiment. In this exemplary embodiment, the break 
of each carrier wave between blocks is reduced, suppressing the spread of 
the band. In the exemplary embodiment described above, overlap 
processing is executed on two blocks, but the configuration is not limited to 
this, and it can be expanded to overlap processing of an optional block 
length with the length of base function increased, further reducing the 
break between blocks. 
[0037] 

Also, in the exemplary embodiment described above, BPSK is used 
as a modulation system, but the configuration is not Umited to this. 
Various modulation systems such as QPSK and QAM can be used by 
expanding the overlap processing to a complex number. In this case, it is 
possible to expand the overlap processing to a complex number. 
[0038] 
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The third exemplary embodiment of the present invention will be 
described in the following. Fig. 9 shows the configuration of the 
transmitting side and the receiving side related to the exemplary 
embodiment. 
[0039] 

As shown in Fig. 9 (a), at the transmitting side, the transmitting 
information is decomposed by information decomposer 910 into four stages 
in accordance with the importance level for example, producing four kinds of 
information series, and the information is modulated by modulator 11 based 
on PSK or QAM, thereby producing four kinds of modulated signal series Xo 
(k), Xi (k), Xa (k), Xs (k). In this case, the bandwidths of respective signals 
are Bo [Hz], Bi [Hz], B2 [Hz], B3 [Hz]. And, it is supposed that the relations 
of octave intervals are Bi = Bo, B2 = 2Bo, B3 = 4Bo, and that the signal 
includes more important information when it is narrower in bandwidth and 
lower in velocity. Four kinds of transmission signal series Xo (k), Xi (k), X2 
(k), Xa (k) are inputted to orthogonal Wavelets inverse converter 912 having 
a non-constant bandwidth passing characteristic. 
[0040] 

Here, the configuration of 4-input orthogonal Wavelets inverse 
converter 912 is shown in Fig. 10. As shown in Fig. 10, in orthogonal 
Wavelets inverse converter 912, 0 is inserted between signal points of 
up-samphng circuits 1001, 1002 for the purpose of up-sampling by two times, 
followed by repeating the process of inputting into HPF1003 and LPF1004. 
[0041] 

Orthogonal Wavelets converter 919 is same in configuration as the 
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one shown in Fig. 2. 
[0042] 

Orthogonal Wavelets converter is directly connected to orthogonal 
Wavelets inverse converter, and with a signal inputted thereto, the original 
signal can be obtained as output. 
[0043] 

In Fig. 9, in case the four kinds of transmission signal series Xo (k), 
Xi (k), X2 (k), X3 (k) are input signals of orthogonal Wavelets inverse 
converter 912, then Xo (k), Xi (k), X2 (k), X3 (k) correspond to the signals of 
bandwidths Bo, Bi, B2, B3, as shown in Fig. 3, and output signal x (n) 
becomes a multi-carrier signal with the signals synthesized. 
[0044] 

Same as in the prior art, x (n) is converted to analog signal by D/A 
converter 913, sind after unnecessary information component is eUminated 
by jQlter 914, the signal is converted and amplified by amplifier 15 to a radio 
frequency band and outputted from the antenna. 
[0045] 

As shown in Fig. 9 (b), at the receiving side, same as in the prior art, 
the received radio signal is converted and amplified by amplifier 916 to a 
base band, after unnecessary frequency component is eliminated by filter 
917, the signal is converted to digital signal by A/D converter 918. 
Subsequently, the signal is inputted to orthogonal Wavelets converter 919 
and decomposed into four signals. Each signal is demodulated by each 
demodulator 920, producing information layered according to the level of 
importance, and information is reproduced by information assembling 
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means 921. 
[0046] 

In the present exemplary embodiment, the higher the importance 
level of signal, it is allocated to a carrier of narrower band, and it is possible 
to avoid the influence of receiving quality deterioration due to fading. 
Accordingly, it is possible to easily realize such layered signal transmission 
that according to the receiving conditions such as signal level, noise level, 
and generation of fading, for example, all information is reproduced when 
the receiving conditions are good, and at least ioformation of high 
importance level is reproduced when the receiving conditions are bad. Also, 
in this exemplary embodiment, orthogonal conversion based on block 
processing as in the prior art is not used, and it brings about an advantage 
that block synchronization is not needed. 
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[Fig. 4] 
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